Supramolecular assemblies in functional siRNA delivery: where do we stand?
The discovery of RNA interference (RNAi) has excited the scientific field due to its potential for wide range of therapeutic applications. The pharmacological mediator of RNAi, short interfering RNA (siRNA), however, has faced significant obstacles in reaching its target site and effectively exerting its silencing activity. Effective pharmacological use of siRNA requires 'carriers' that can deliver the siRNA to its intended site of action. The carriers assemble the siRNA into supramolecular complexes that display functional properties during the delivery process. This review will summarize non-viral approaches to siRNA delivery, emphasizing the current obstacles to delivery and the mechanisms employed to overcome these obstacles. The carriers successfully pursued in pre-clinical (animal) models will be presented so as to provide a glimpse of possible candidates for clinical testing. Supramolecular assembly of nucleic acids with carriers will be probed from thermodynamics and computational perspectives to understand supramolecular structures and their dynamics. The delivery and trafficking requirements for siRNA are then dissected and engineering approaches to overcoming these barriers will be articulated. The latter has been attempted both at the cellular levels, focusing on intracellular barriers, as well as systemic level, emphasizing macroscopic challenges affecting siRNA delivery. Clinical experience with non-viral siRNA delivery is summarized, highlighting the nature delivery modes attempted in clinical settings. We conclude with a perspective on the future of siRNA therapeutics, specifically concentrating on the possible impact of non-viral carriers in the field.